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Mesoscopic superconductivity deals with various excitation modes, only one of them – the charge-
mode – being directly accessible for conductance measurements due to the imbalance in populations
of quasi-electron and quasi-hole excitation branches. Other modes carrying heat or even spin, valley
etc. currents are much harder to control for their charge-neutral origin. This noticeable gap in the
experimental studies of mesoscopic non-equilibrium superconductivity can be filled by going beyond
the conventional DC transport measurements and exploiting spontaneous current fluctuations. Here,
we perform the first experiment of this kind and investigate the transport of heat in an open hybrid
device based on a superconductor proximitized InAs nanowire. Using shot noise measurements we
observe a novel effect of Andreev heat transmission along the superconducting interface and fully
characterize it in terms of the thermal conductance on the order of Gth ∼ e2/h, tunable by a back
gate voltage. Understanding of the heat-mode also uncovers its implicit signatures in the non-local
charge transport. Our experiments open a direct pathway to probe generic neutral excitations in
superconducting hybrids.
Conversion of a quasiparticle current to the collective
motion of a Cooper pair condensate at the interface of a
normal metal and superconductor is known as Andreev
reflection (AR)1. For quasiparticle energies below the
superconducting gap (sub-gap quasiparticles) AR is fully
responsible for the charge transport across the interface.
Conservation of both the number of sub-gap quasiparti-
cles and their excitation energy on the normal side man-
ifests AR as a fundamental example of charge-heat sep-
aration in the electronic system. While heat transport
transverse to the interface is blocked by the AR, it does
not vanish in the direction along the superconductor. In
this way, ARs mediate the heat conduction via vortex
core in s-type superconductors2 and via neutral modes
in graphene3.
The retro-character of the AR, that is the propaga-
tion of a reflected hole via the time-reversed trajectory
of an incident electron, results in a suppression of the
heat conductance in the ballistic limit. This obstacle
may be overcome by imposing the chirality of the charge
carriers in a magnetic field4,5, similar to quantum Hall
based experiments6, or by going in the regime of spec-
ular AR near charge-neutrality point in graphene7. In
the diffusive limit, counter-intuitively, the heat transport
is restored, since moderate disorder scattering effectively
increases the number of the conducting modes8. Further-
more, by increasing the number of ARs disorder scat-
tering can promote the relaxation of the charge-mode
non-equilibrium in favor of the heat-mode, similar to the
case of anisotropic superconductors9. All of this makes
the geometry of the Andreev wire8 – a diffusive normal
core proximitized by a wrapped around superconductor
– preferable for a sub-gap heat transport experiment.
In this work we challenge a thermal conductance (Gth)
measurement in an open three-terminal hybrid device
based on a diffusive InAs nanowire (NW) proximitized
by a superconducting contact, see the image of one of
our samples in Fig. 1a. Conceptually similar devices were
investigated in the context of Cooper-pair splitters10–12
and, more recently, Majorana physics13–17 with the em-
phasis on the electric conductance. The central part of
the device represents a few 100 nm long Andreev wire
with a partial superconducting wrap, that removes com-
plications arising from the Little-Parks effect18,19. Us-
ing shot noise measurements we identify the heat trans-
port carried by the sub-gap states in the NW, as well as
its implications for the non-local charge transport. Our
experiments offer a so far missing experimental tool in
the field of non-equilibrium mesoscopic superconductiv-
ity20–25 and enable the control of generic charge-neutral
excitations in superconducting hybrids.
The outline of our experiment is depicted in Fig. 1b. A
semiconducting InAs nanowire is equipped with a super-
conducting (S) terminal, made of Al, in the middle and
two normal metal (N) terminals, made of Ti/Au bilayer,
on the sides. In essence, this device represents two back-
to-back normal metal-NW-superconductor (NS) junc-
tions sharing the same S terminal. Note the absence of
the quantum dots10,12,16 or tunnel barriers15 adjacent to
the S-terminal, that enables better coupling of the sub-
gap states to the normal conducting regions. Throughout
the experiment the S terminal is grounded, terminal N1
is biased and terminal N2 is floating (or vice versa). The
S terminal serves as a nearly perfect sink for the charge
current I1, which is driven in a biased NS junction via
the terminal N1. At energies below the superconducting
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FIG. 1. Outline and charge transport data. (a) Scan-
ning electron microscope image of the typical device (false
color). InAs NW is equipped with two N terminals (Ti/Au)
on the sides and one S terminal (Al) in the middle. (b) Sep-
aration of charge and heat currents at the InAs/Al interface.
Three-terminal configuration allows studying thermal conduc-
tance Gth of the proximitized NW region by measuring shot
noise. Note that in reality only one lead is connected to the
low temperature amplifier, so that switching between the re-
flection noise SR and transmission noise ST is achieved by in-
terchanging the biased and floating N-terminals, see the SM
for the wiring scheme. (c) Local differential conductance of
NS junction in device NSN-II measured at T = 50 mK in
different magnetic fields. (d) Non-local differential resistance
r21 ≡ dV2/dI1 for two devices plotted at different B and Vg.
gap ∆ ≈ 180µeV of Al, the S terminal cannot absorb
quasiparticles1 and their non-equilibrium population can
relax only via diffusion to the N terminals26, manifest-
ing charge-heat separation. This charge-neutral diffusion
flux, which is referred to as the heat flux below, is shown
by curly arrows in Fig. 1b. One part of the heat flux re-
laxes via terminal N1, similar to the usual two-terminal
configurations27,28. The other part bypasses the S ter-
minal and relaxes via floating terminal N2. As we will
demonstrate below, this transmitted heat flux can be de-
tected by means of the shot noise thermometry.
For charge-heat separation via AR the quality of the
InAs/Al interface is important, which we verify in trans-
port measurements. In Fig. 1c we show the local dif-
ferential conductance G2 of the biased junction N2-S in
device NSN-II as a function of voltage V2 at a tempera-
ture T = 50 mK. Without the magnetic field (B) G2 ex-
hibits two well-defined maxima at finite V2 that diminish
at increasing the B-field directed perpendicular to the
substrate and vanish in B ≈ 20 mT simultaneously with
the transition of the Al to the normal state. The max-
ima occur around gap edges V2 = ±∆/|e|, where e is the
elementary charge, and the corresponding increase of G2
above the normal state value reaches about 15%. This
re-entrant conductance behavior is a property of diffu-
sive NS junctions with a highly transparent interface29.
Around zero bias in B = 0 we generally observed a small
reduction of G2 by about 10% in all back gate voltage
(Vg) range studied. This guarantees that possible resid-
ual reflectivity has a minor effect and ARs dominate over
normal interface scattering in our devices.
In Fig. 1d we plot non-local differential resistance
r21 = dV2/dI1, where V2 is the voltage on terminal N2,
as a function of V1. In the normal state r21 is feature-
less and consists of the interface resistance along with
a few-Ohm contribution of the Al lead, see the trace in
B = 50 mT in device NSN-I with r21 ≈ 40 Ω. By con-
trast, in B = 0 strong gap-related features develop and
r21 demonstrates local maximum and minima at the gap
edges, see vertical arrows. Note that B = 0 behavior
is non-universal and depending on Vg we have also ob-
served bias asymmetry and sign reversal of the r21, see
two lower datasets for the device NSN-II. Most likely,
these features have a thermoelectric origin as will be dis-
cussed below. Overall, r21 being small compared to the
individual resistances of the NS junctions signals that
the current transfer length lT is small compared to the
width of the S terminal. We estimate lT ≤ 100 nm close
to the superconducting coherence length in Al, which sets
the lowest possible bound for the lT, see SM for the de-
tails. r21 can be expressed via a non-diagonal element of
the conductance matrix30 as r21 ≈ −G12/G2G1, where
Gi ≈ Gii (i = 1, 2) are the two-terminal conductances of
the NS junctions. G12 ∼ 10−2Gi proves nearly perfect
efficiency of the S contact as charge current sink.
Next, we probe the non-equilibrium electronic popula-
tions in both NS junctions using shot noise current fluc-
tuations picked-up at different N-terminals in response to
current in one of them. Fig. 2a demonstrates the noise
spectral density measured in terminal N2 as a function
of I2 at two gate voltages. This configuration, referred to
as the reflection configuration, is reminiscent of the usual
AR noise in two-terminal devices27,28, and the measured
noise is denoted as SR. For comparison, a similar mea-
surement in a reference NS device is shown in Fig. 2c.
In both devices the results have much in common, the
SR scales linearly with current and exhibits clear kinks
at the gap edges (marked by the arrows). Above the
kinks, the diminished slope is the same and corresponds
closely to the universal Fano factor in a diffusive conduc-
tor with normal leads31,32 δSR/2eδI ≈ 1/3, as shown by
the dashed lines with a marker “e”. This familiar behav-
ior12 verifies elastic diffusive transport in InAs NWs33
even at energies well above ∆ and ensures quasiparticle
relaxation by diffusion in contacts. However, at sub-gap
biases we observe an important difference. While in the
3Vg = 
Vg = 
Vg =
Vg =
S N
I
SR
S N2N1
float SR
ST
I1
SN1 N2
I2
FIG. 2. Reflected and transmitted shot noise. (a) Re-
flection noise configuration in device NSN-I. Noise spectral
density of the biased NS junction as a function of current at
two values of Vg. Dotted line is the fit with F = 0.30 and
charge q = 2e; dashed line slope corresponds to F = 0.30 and
q = e. Green symbols are shifted vertically by 9· 10−28 A2/Hz
to coincide with red ones at zero bias. (b) Transmission noise
configuration in device NSN-I. Noise spectral density of the
floating NS junction as a function of current at different B, T
and Vg (see legend). (c) Reflected shot noise in the reference
two-terminal NS device as a function of current at two values
of Vg. Dotted line is the fit with F = 0.33, q = 2e; dashed
line slope corresponds to F = 0.33, q = e.
NS device the slope expectedly doubles12,27, see the dot-
ted lines in Fig. 2c with a marker “2e”, in the NSN de-
vice it increases much weaker such that δSR/2eδI2 ≤ 0.5,
see Fig. 2a. Since doubled shot noise is a direct conse-
quence of the reflection of heat flux at the S-terminal26,
this means that the missing heat flux in the NSN de-
vice is transmitted towards the nearby floating NS junc-
tion. Similar behavior was previously observed in topo-
logical insulators34, however, in the present experiment
the transmitted heat flux is directly measurable as we
show below.
In Fig. 2b we plot the current dependencies of the shot
noise measured in transmission configuration, ST, that is
the noise at the floating terminal N2 in response to the
current I1. Within all investigated Vg range, ST steeply
increases at small currents followed by pronounced kinks
at the gap edges, see the arrows for some of the traces,
Vg=
FIG. 3. Thermal conductance in the device NSN-I. (a)
Noise temperature TN measured in the transmission configu-
ration as a function of bias (solid lines, same data as in the
lower part of Fig. 2b) along with the model fits (dashed lines).
(b) – (c) (symbols) Sub-gap thermal conductance Gth and
interface resistance parameter r plotted as a function of Vg.
(lines) Linear response conductances of the left/right G1/2 NS
junctions.
and keeps increasing much weaker above the kinks. This
behavior of ST is explained as follows. Sub-gap quasi-
particles diffusing along the superconductor, and expe-
riencing a few ARs on the way, transmit the heat flux
via proximitized InAs. Above-gap quasiparticles, how-
ever, mostly leave via the S terminal and their contri-
bution to the transmitted heat signal is minimal. This
qualitative picture is proved in the following crosscheck
experiment. In the upper part of Fig. 2b, the ST signals
are compared in B = 0 and B = 50 mT with the Al in
superconducting and normal states, respectively. In the
normal state ST grows weakly at increasing I1 without
any kinks. Moreover above-gap signal in B = 0 repro-
duces this trend up to a vertical shift at high I1. We
conclude that above-gap heat transmission is not related
to the superconductivity and is caused by residual nor-
mal interface scattering. Fig. 2b, therefore, demonstrates
our main result that at sub-gap energies the proximitized
InAs NW supports transmission of heat underneath the
S terminal by virtue of AR processes. Note also that for
sub-gap energies ST ∼ SR, cf. Fig. 2a, whereas non-local
charge transport resulted in |G12|  G1, G2. This differ-
ence emphasizes highly efficient charge-heat separation.
We proceed with a quantitative description of the An-
dreev heat transmission by solving the diffusion equation
for the electronic energy distribution (EED), inspired by
a quasiclassical approach26. In the proximitized region
the boundary conditions take into account ARs for the
sub-gap transport and residual normal reflections above
the gap. Thermal conductance Gth and interface resis-
tance r are the only two parameters that, together with
known G1, G2, determine the solution for the EED and
the noise temperature TN of the floating NS junction
35.
4The details of theoretical modeling can be found in the
Supplemental Material (SM). In Fig. 3a we compare the
TN measured in the experiment of Fig. 2b (solid lines)
with the model fits (dashed lines). Plotted as a function
of V1 the kinks in TN indeed occur at the gap edges for all
Vg values, see the vertical arrows. The data is perfectly
reproduced ensuring that our model captures correctly
the physics of the Andreev heat transmission effect. The
Vg dependence of the interface parameter r is shown in
Fig. 3c. We find r ∼ 50 Ω, which is consistent with r21
in the same device in the normal state, cf. Fig. 1d, and
almost independent of Vg. The evolution of Gth at in-
creasing Vg is shown by symbols in Fig. 3b. The initial
growth is followed by saturation at Gth ∼ e2/h. This
is in contrast to a monotonic increase of the electrical
conductances G1,G2 of NS junctions in the same device,
see the lines in Fig. 3b. We attribute this difference to
the impact of superconducting proximity effect that di-
minishes the density of states stronger at higher carrier
densities.
So far we used shot noise measurements to demon-
strate sub-gap Andreev heat transmission. In the fol-
lowing, we concentrate on the signatures of this effect
in charge transport measurements in the device NSN-
II. First, we focus on resistive thermometry based on a
weak T -dependence of the mesoscopic conductance fluc-
tuations. In Fig. 4a we plot the out-of-equilibrium linear
response resistance R1 = ∂V1/∂I1|I1=0,I2 6=0 of the float-
ing NS junction as a function of V2 (see the upper sketch
in Fig. 4 for the measurement configuration). R1 exhibits
the same qualitative behavior as the ST before, with
much stronger dependence at sub-gap energies, kinks at
the gap edges and suppression in B-field. Using the equi-
librium dependencies R1(T ) for calibration, we converted
this data in the effective temperature T ∗ of the floating
NS junction and plotted in Fig. 4b. The behavior of
T ∗ is similar to that of the TN in the device NSN-I, cf.
Fig. 3a, potentially making this approach an alternative
for the detection of transmitted heat fluxes. Note, how-
ever, that resistive thermometry slightly underestimates
the effect compared to a simultaneously measured TN ,
see SM for the details of the analysis. This may be a
result of dephasing that causes averaging of the conduc-
tance fluctuations and was not taken into account.
Finally, we investigate non-local I-V characteristics in
the configuration shown in the lower sketch of Fig. 4.
In Fig. 4c the voltage V2 is plotted as a function of I1
for three representative values of Vg. All traces lack
full antisymmetry, V2(I1) 6= −V2(−I1), moreover, the
lower and upper traces exhibit local extrema near the ori-
gin, meaning that here the symmetric component dom-
inates the I-V . This is a signature of the Andreev
rectification effect30, which also caused the asymmetry
and sign reversal of r21 in Fig. 1d. Fig. 4d shows the
symmetric component of the non-local voltage V symm2 ≡
[V2(I1) + V2(−I1)]/2 against V1. V symm2 evolves concur-
rently to the T ∗ and TN with pronounced sub-gap be-
havior and kinks at V1 ≈ ±∆/e, see vertical arrows. The
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FIG. 4. Resistive thermometry and non-local I-V s in
device NSN-II. (a) Linear response resistance of the floating
NS junction as a function of bias in the neighboring junction.
(b) The same data converted to the effective temperature T ∗.
(c) The non-local I-V characteristics measured at three rep-
resentative Vg values. (d) Symmetric component of the non-
local I-V s. The dashed lines are the calculated thermoelec-
tric voltage values for different energy-independent Seebeck
coefficients of S/T = 3.0µV/K2, 0.9µV/K2 and −3.6µV/K2
(from top to bottom). Upper sketch: set up for resistive ther-
mometry. Lower sketch: set up for non-local I-V s.
signal is small, in 1µV range, with both the sign and
magnitude demonstrating strong Vg-dependent fluctua-
tions, in contrast to T ∗ and TN. We suggest that the
finite V symm2 has a thermoelectric origin and results from
the thermal gradient that builds up in response to the
transmitted heat flux. Indeed, the data of Fig. 4d is con-
sistent with Vg fluctuations of the Seebeck coefficient
36,37
in the range |S/T | ∼ 5µV/K2, corresponding fits shown
by the dashed lines (see SM for the details). Note that
the degree of asymmetry of the non-local conductance
G12 ∝ −(dV2/dI1) caused by this effect (see Fig. 1d) is
comparable to the data in a Cooper pair splitter38 and in
a tunnel-coupled Majorana device39. Our thermoelectric
interpretation may also turn useful in explaining these
data.
The DC transport data of Fig. 4 reveals the effect of
the heat-mode excitation in a proximity superconduc-
tor only indirectly, via a weak and non-universal energy-
5dependence of the spectral conductance. This is in stark
contrast to our shot noise approach, that senses the ran-
domness caused by the non-equilibrium EED itself, with-
out the need for any type of spectral resolution40. In
the same way, the shot noise can also probe excitations
of different origin, e.g. spin currents in superconducting
spintronics41, or even valley currents42, by virtue of spon-
taneous fluctuations that arise when such currents are fed
into the adjacent normal lead43–45. From this perspec-
tive, our experiment establishes a natural background to
probe charge-neutral excitations, both above-gap in bulk
superconductors and sub-gap in proximity superconduc-
tors, including the proposed detection of Majorana zero
modes in heat transport46–50.
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1Supplemental Material
Noise and charge transport measurements
+I-I
30 mK
Supplemental Material Fig. 1. Sketch of the noise setup.
DC and low frequency AC transport measurements are carried out using symmetric current bias scheme with divider
shown in Fig. 1. We use quasi-4-terminal setup thus excluding wiring and filtering contribution into measured voltage
signal. We use SR-7265 lock-in for resistive thermometry with typical modulation current of 2 nA, f = 19.3 Hz, time
constant = 2s, AC gain 30 dB and filter slope of 24 dB/oct.
The noise spectral density was measured using the home-made low-temperature amplifier (LTamp) with a voltage gain
of about 10 dB and the input current noise of ∼ 2–6×10−27 A2/Hz. The voltage fluctuations on a 25 kΩ load resistance
were measured near the central frequency 14.2 MHz (±0.6 MHz for −3 dB point) of a resonant circuit at the input of
the LTAmp. The output of the LTamp was fed into the low noise 75 dB gain room temperature amplification stage
followed by a hand-made analogue band-pass filter and a power detector. The setup was calibrated using HEMT ATF-
35143 as adjustable load Rcalib = 50 Ω → > 100 MΩ for the equilibrium Johnson-Nyquist noise thermometry. Except
for the periods of calibration, the transistor was always kept pinched off. Unless otherwise stated, the measurements
were performed in a cryogenic free Bluefors dilution refrigerator BF-LD250 at a bath temperature of 30 mK.
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P*-P
Supplemental Material Fig. 2. Calibration via equilibrium noise. (a) Power released on the detector as a function of total
load resistance R|| measured at different bath temperatures (see electron temperature in the legend). Green solid line shows
typical reflected shot-noise signal at applying bias current through the device (NSN - I, Vg = 40 V). Black solid line is fit using
Nyquist relation. Purple circles shows bias-dependent gain and equilibrium noise. (b) Total gain of the setup. Three sets of
points correspond to three different combinations of T1|T2 (see text below).
Supplemental Material Fig. 3. Shot-noise. (a) Power dissipated in the detector is plotted as a function of current through the
sample. (b) Differential conductance of the NS junction. Arrows mark superconducting gap ±∆. (c) Extracted current noise
spectral density. Dashed line corresponds to Fano-factor F = SI/2eI = 0.30 and e
∗ = e, dotted line is for doubled charge -
F = 0.30 and e∗ = 2e.
3We calibrate our setup using equilibrium noise thermometry. At zero current through the device, we are able to
change a value of R|| = (Gdiff +R
−1
25kΩ +R
−1
calibr)
−1 drastically, where Gdiff is a differential resistance (zero bias) of the
sample shown in Fig. 3b. Power released on the detector after all amplification stages :
P (R||) =
(4kBT
R||
+ SAmpI
)∫ G× Trfilter(f)
R−2|| + |ZLC|−2
df + P0 = G(R||)
(4kBT
R||
+ SAmpI
)
+ P0 (S1)
where G is an unknown total gain, ZLC - complex impedance of the LC contour, Tr
filter(f) - transmission characteristic
of the band-pass filter, SAmpI and P0 - parasitic current noise and background of the low-temperature amplifier. After
an integration over frequency, we can use generalized value for gain G(R||) which can be extracted by measuring
P (R||) at different bath temperatures:
G(R||) =
P (R||, T1)− P (R||, T2)
T1 − T2
R||
4kB
(S2)
When we apply current through the sample, the crossover from thermal to non-equilibrium shot noise (see solid green
curve in Fig. 2a and Fig. 3a) appears. Depending on the bias current, R||(I) is changing thus making G(R||) bias-
dependent (see purple symbols in Fig. 2a, b). Desired current noise of the sample SI contributes to the total power
as follows (transistor is pinched off Rcalib > 100 MΩ) :
P ∗(R||) = G(R||)
( 4kBT
R25kΩ
+ SI + S
Amp
I
)
+ P0, SI =
P ∗(R||)− P (R||)
G(R||) + 4kBTGdiff (S3)
Finalized current spectral density curve is shown in Fig. 3c.
4Local charge transport
 500 mK
Supplemental Material Fig. 4. NSN - I. (a) and (c) Local spectral conductance of the left and right NS junctions correspond-
ingly, measured at different back-gate voltages Vg = 17, 19 , 26, 32, 40, 54, 64 V from bottom to top. (b) Linear-response
conductance is plotted as function of Vg. Dashed lines of corresponding colors point certain values of back-gate voltages from
(a) and (c). (d) and (e) Temperature and magnetic field dependence of the spectral conductance measured at constant Vg = 41
and 50 V correspondingly.
Supplemental Material Fig. 5. NSN - II. (a) and (c) Local spectral conductance of the left and right NS junctions correspond-
ingly, measured at different back-gate voltages Vg = − 10, − 5 , 0, 5, 10, 15, 20 V from bottom to top. (b) Linear-response
conductance is plotted as function of Vg. Dashed lines of corresponding colors point certain values of back-gate voltages from (a)
and (c). (d) and (e) Temperature and magnetic field dependence of the spectral conductance measured at constant Vg = 0 V.
5Non-local charge transport
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Supplemental Material Fig. 6. NSN - I. (a) Non-local I/V characteristics measured at different back-gate voltages. For
convenience, curves are shifted vertically with spacing of 5 µV. (b) and (c) Differential non-local resistance r21 = dV2/dI1, I2 = 0
at different magnetic fields and back-gate voltages correspondingly.
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Supplemental Material Fig. 7. NSN - II. (a) and (b) Non-local I/V characteristics of both NS junctions measured at different
back-gate voltages. For convenience, curves are shifted vertically with spacing of 3.7 µV and 1.4 µV correspondingly. (c) and
(d) Differential non-local resistance r21 = dV2/dI1, I2 = 0 and r12 = dV1/dI2, I1 = 0 at different back-gate voltages. Colors
match those from (a) and (b).
6Current transfer length estimation
Supplemental Material Fig. 8. Effective resistance model for nanowire/superconductor interface.
To estimate the characteristic length of charge overflow within grounded S terminal lT we use circuit shown in fig. 8.
Here ρwire and gint are resistance of the nanowire (NW) and conductivity of interface per unit length respectively. In
the continuous limit we can write current conservation for each point along NW/S interface:
V (x+ dx)− V (x)
ρwiredx
+
V (x− dx)− V (x)
ρwiredx
=
V (x)dx
1/gint
d2V (x)
dx2
=
V (x)
l2T
, lT =
1√
ρwiregint
Boundary conditions including one that normal terminal N2 is floating and no current flow into it.
dV (x)
dx
∣∣∣∣
x=0
= −ρwireI, dV (x)
dx
∣∣∣∣
x=L
= 0
Solving elementary Neumann problem we can find non-local rsistance r21:
r21 =
V (L)
I
=
lTρwire
sinh( LlT )
For two measured devices (NSN-I, NSN-II) we have r21 ≈ 40, 10 Ω and L ≈ 200, 300 nm respectively, thus lT ≈ 75 nm.
7Temperature dependence of differential conductance.
Supplemental Material Fig. 9. Linear regime and calibration. (a) Linear-response conductance of a single NS junc-
tion (NSN - II device) measured at different bath temperatures. Overall increasing dependence with reproducible UCF persists
up to the shift ∼ 10% when large magnetic field (100 mT > Bc) is applied. Such zero-bias deep is more evident from differential
conductance data measured at Vg = 0 V and I2 = 0 shown in (b). Solid lines are smooth polynomial fits we use for the resistive
thermometry.
Supplemental Material Fig. 10. Non-linear regime. (a) Spectral conductance measured at constant Vg = 0 V (NSN - II
device) and different bath temperatures. (b) Spectral conductance measured at constant Vg = 0 V, bath temperature but
different ”heating” voltages across the adjacent NS junction.
8Analytical model
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Supplemental Material Fig. 11. (a) Schematics of the analytical model, separately for sub-gap and above-gap quasipar-
ticle energies. (b) - (c) Calculated EEDs near two ends of the proximitized sections for V1 = 130 µV and 500 µV
(T = 50 mK, Gth = 1.17× 2e2/h, r = 64 Ω). Arrows mark the superconducting gap of Al, ∆ = 180 µV .
The sketch of analytical model we use to fit experimental data is shown in fig.3a. Since we operate in the non-linear
εT ∼ kBT  eV regime, where ξT = ~D/L2 ≈ 15µV is the Thouless energy, we can neglect the penetration of the
condensate into NW and consider it just as a normal metal with a non-equilibrium electronic energy distribution
(EED). Distribution functions near the N terminals f1/2(ε) are equilibrium Fermi-Dirac functions with local temper-
ature and chemical potential of the corresponding terminal. EED near S should satisfy Andreev conditions for the
energies below the gap:
f∗1/2(ε) =
{
1− f∗1/2(−ε) |ε| < ∆
(exp(ε/kBT ) + 1)
−1 |ε| > ∆ (S4)
Following Nagaev and Buttiker [S1] we separately find electron distribution functions for energies below and above
the gap and then sew them together:
f(ε) = f ingap(ε)θ(∆− |ε|) + foutgap(ε)θ(|ε| −∆) (S5)
Sub-gap (|ε| < ∆)
First we calculate for energies within the superconducting gap. Since noise temperature gradient is zero at N/S
interface, then the correction to the noise temperature due to the finite r is of the second order and we can neglect it.
In order to find the energy distributions f∗1 (ε) and f
∗
1 (ε) at the two ends of the proximitized wire section, one has to
fulfill the continuity of the heat fluxes in these points at any given ε. In this way we get the following two equations:
G2[f2(ε)− f∗2 (ε)]−G2[f2(−ε)− f∗2 (−ε)] = Gth[f2(ε)− f∗1 (ε)]−Gth[f2(−ε)− f∗1 (−ε)] (S6)
G1[f1(ε)− f∗1 (ε)]−G1[f1(−ε)− f∗1 (−ε)] = Gth[f2(ε)− f∗1 (ε)]−Gth[f2(−ε)− f∗1 (−ε)] (S7)
where the terms with ε correspond to the particle heat flux and the terms with −ε to the hole heat flux. The
equations (S6) and (S7) are for the right and the left NS interface respectively. For convinience lets introduce
F (ε) ≡ f(ε)− f(−ε), then:
F ∗1 (ε) =
G1G2F1(ε) +GthG2F1(ε) +GthG2F2(ε)
GthG1 +GthG2 +G1G2
, F ∗2 (ε) =
G1G2F2(ε) +GthG2F2(ε) +GthG1F1(ε)
GthG1 +GthG2 +G1G2
(S8)
Since f∗i (ε) = 1− f∗i (−ε), we can easily find f∗i = (1 + F ∗i )/2
9Above-gap (|ε| < ∆)
To calculate for energies above the superconducting gap, we need to take into account the fact that now there is a
finite gradient of noise temperature near N/S interface. Then correction to TN due to the finite r is of the first order
and we can not neglect it. Fortunately, for energies above the gap, S terminal acts as regular normal lead, so we can
assume f∗(ε) = f∗1/2(ε). In order to find f
∗(ε), one has to fulfill current conservation law for each energy:
G2[f2(ε)− f∗(ε)] +G1[f1(ε)− f∗(ε)] = r−1[f∗(ε)− f0(ε)] (S9)
where f0(ε) is a Fermi-Dirac distribution in in the normal state of grounded Al terminal and r is the interface
resistance.
f∗(ε) =
G1f1(ε) +G2f2(ε) + 1/rf0(ε)
G1 +G2 + r−1
(S10)
10
Noise vs. Resistive thermometry
Vg = -5 V Vg = 10 V
Vg = 0 VVg = 10 V
Supplemental Material Fig. 12. (a) - (b) Measured noise and effective temperature of the floating NS junction (NSN - II device)
at different back - gate voltages. Zero-bias thermometry underestimates noise one by the factor of ∼ 2.
Is this section we highlight the difference between noise thermometry and resistive thermometry approaches.
To describe numerically the resistive thermometry, we consider NS junction as a two-terminal coherent quasi-1D
conductor with n channels and energy-dependent diagonal transmission coefficients Tri(ε) connecting two reservoirs
with temperatures TL and TR. We now determine the linear response conductance G1 in such a system, where a
temperature bias across the conductor might be present.
If a small voltage bias dV is applied across the conductor, the linear-response current through the nanowire dI
is [S2]:
dI =
2e
h
n∑
i
∫
Tri(ε)
[
f
(
ε− edV
2
, TR
)
− f
(
ε+
edV
2
, TL
)]
dε, (S11)
where f(ε, T ) is the equilibrium Fermi-Dirac distribution at temperature T . We note, that the conductance temper-
ature dependence in this model is fully enclosed in the energy dependence of Tri(ε). Now we transform this equation
by taking out the small bias from the distribution functions and separating the sum:
dI =
2e
h
∫ [ n∑
i
Tri(ε)
] [
∂f (ε, TR)
∂ε
(
−edV
2
)
− ∂f (ε, TL)
∂ε
(
edV
2
)]
dε, (S12)
11
which leads to the linear response conductance G1,non−eq in form:
G1 = ∂I/∂V = −2e
2
h
1
2
∫ [ n∑
i
Tri(ε)
] [
∂f (ε, TR)
∂ε
+
∂f (ε, TL)
∂ε
]
dε =
G1(TR) +G1(TL)
2
. (S13)
where G1(T ) is the ordinary equilibrium conductance which can be measured by varying the bath temperature.
The (S13) clearly demonstrates, that the temperature, measured via resistive thermometry T ∗ in the main text obeys
a relation:
G1(T
∗) =
G1(TR) +G1(TL)
2
, (S14)
We note, that this result is only valid for the case of equilibrium distribution functions at both nanowire terminals.
For the triple-step distribution expected for S terminal in our experiment, the conductance depends on the exact form
of Tri(ε).
We now compare this result for T ∗ with the expected noise temperature TN when one terminal has significantly
higher temperature (TR  TL). For this case TN can be expressed in form TN = αTR, with coefficient α depending
on the shape of distribution function at the terminal [S3]. For the double-step distribution α = 2/3, while in the case
of equilibrium distribution α = (1 + ln(2))/2 ≈ 0.56.
Neglecting the non-linearity of of G1(T ), which is present in experiment (see supplemental fig. 9b), we obtain that
the relation TN ≈ 4/3T ∗.
In experiment, however, the discrepancy between TN and T
∗ is more prominent with TN − Tbath ≈ 2(T ∗ − Tbath)
(see supplemental fig. 12). Apart from the discussed earlier effect of the non-equilibrium distribution on G1, this
inconsistency might be related to the dephasing being present in nanowire. Such dephasing may effectively break the
nanowire into several coherent section, with possibly different signs of temperature dependence, leading to a further
dampening of T ∗ compared to TN.
12
Non-local voltage generated by temperature bias
In order to describe the symmetric component of the non-local I-V s presented in Fig. 4d of the main text we consider
a thermoelectric generation of voltage. In the Landauer-Bu¨ttiker formalism, the conversion of the temperature bias
to electric current is a result of the energy dependence of the eigen-channel transparencies Tri(ε). Thermoelectric
current generated in a short-circuited conductor can be written as:
ITE =
2e
h
n∑
i
∫
Tri(ε) [f (ε, TR)− f (ε, TL)] dε ≈ 2e
h
n∑
i
Tr
′
i
∫
ε [f (ε, TR)− f (ε, TL)] dε, (S15)
where the quasiparticle energy ε is measured with respect to the chemical potential that is the same for the right
and left leads of the conductor. Note that in this equation we approximated the energy dependence Tri(ε) with the
lowest order non-vanishing term Tri(ε) = Tri(0) + Tr
′
iε, where Tr
′
i ≡ dTri(ε)/dε|ε=0. It is straightforward to see
that eq. (S15) results in a parabolic T-dependence of ITE:
ITE ≈ pi
2k2B
6
2e
h
n∑
i
Tr
′
i
[
T 2R − T 2L
]
. (S16)
Measured thermoelectric voltage that builds up on a floating conductor is simply VTE = −ITEG−10 , where
G0 = 2e
2/h
∑n
i Tri(0) is the linear-response conductance. For a small temperature difference ∆T ≡ TR − TL  T ,
the eq. (S16) can be written as:
VTE ≈ (S/T )T∆T, where S/T = −pi
2k2B
3e
n∑
i
Tr
′
i
[
n∑
i
Tri
]−1
. (S17)
In other words, in this approximation the thermoelectric response is fully characterized by the T-independent Seebeck
parameter S/T . With this notation we obtain the expression for arbitrary thermal biases on the conductor:
VTE ≈ (S/T )T
2
R − T 2L
2
, (S18)
that is used to fit the data for V symm2 in Fig. 4d of the main text.
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Critical Temperature of Al contacts
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Supplemental Material Fig. 13. The resistance of a four-terminal Al strip, deposited via the same process, as the one used in
the fabrication of the samples, featured in the main text.
The temperature dependence of superconducting Al, deposited via the same process as described in ”Device Fab-
rication” was performed separately on the four-terminal Al strips, incorporated in the samples studied in [S4]. Here
we present raw data (see Fig. 13), which leads to the estimate Tc = 1.20± 0.03 K, based on the position of the middle
of transition.
Device fabrication
InAs nanowires grown by molecular beam epitaxy on Si substrate [S5] are ultrasonicated in isopropyl alcohol.
Nanowires are drop casted on Si/SiO2 (300 nm) substrates [S6] with preliminary defined alignment marks. For
superconducting contacts conventional electron beam lithography (EBL) followed by e-beam deposition of Al (150 nm)
is utilized. To obtain the ohmic contacts, in-situ Ar ion milling is performed before Al deposition in a chamber with a
base pressure below 10−7 mbar. Normal metal contacts are fabricated in two different ways (different device batches):
magnetron sputtering or e-beam deposition. For sputtering (NS and NSN - I devices) in-situ Ar plasma etching is
followed by sputtering of Ti/Au (5 nm/200 nm). Normal metal contacts Ti/Au (5 nm/150 nm) in device NSN - II are
deposited in the same way as superconducting ones.
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